The basis of the HIV/AIDS surveillance system in place throughout the United States is the same as for any public health surveillance system-the ongoing systematic collection, analysis, and interpretation of data necessary for planning, implementation, and evaluation of public health practice. 1 The collection of these data for HIV/AIDS involves reporting individual cases of HIV-infection and AIDS to local and state health departments.
Although case reporting includes the ascertainment of many behaviors associated with HIV acquisition, for the purposes of analysis and interpretation, cases are commonly assigned to hierarchical, mutually exclusive risk categories designed by the Centers for Disease Control and Prevention (CDC). 2 This "risk hierarchy" takes into account the efficiency of HIV transmission associated with each behavior as well as the probability of exposure to an infected person within the population to produce a single category to describe the most probable way through which a person became infected with HIV. 3 The adult/adolescent categories, in order, are as follows: (1) men who have sex with men (MSM); (2) injecting drug users (IDU); (3) men who have sex with men and inject drugs (MSM/IDU); (4) hemophilia/coagulation disorder; (5) heterosexual; (6) receipt of HIV-infected blood or blood components or tissue; and (7) no risk reported (NRR). 2 Persons with more than one reported mode of exposure to HIV are classified in the exposure category listed first in the hierarchy, except for men with both a history of sexual contact with other men and injecting drug use. They make up a separate exposure category reflecting the higher risk of HIV transmission facing this population.
The MSM category includes all men who report sexual contact with other men since 1977, regardless of their self-identified sexual orientation or whether or not they have also had sexual contact with women. Reported persons placed into the heterosexual category must have reported specific heterosexual contact with a person who is known to be infected with HIV or who can be classified into one of the above risk categories. In this article such contact is referred to as "high-risk heterosexual sex" (HRHS). 2 Although heterosexual sex with prostitutes, heterosexual sex for drugs or money, or multiple heterosexual partners may be associated with increased risk of HIV transmission, unless the person has reported HRHS, the case is classified by the surveillance system as NRR.
The simplicity of the hierarchy has been useful in describing the most probable method of HIV acquisition primarily among individuals with one reported risk behavior. However, the risk hierarchy was not designed to describe individuals who have multiple risk behaviors-other than MSM/IDU-or those who do not know the risk of their heterosexual sex partners. Further, it does not typically describe transmission from bisexually active MSM, who may or may not self-identify as bisexual, to their female sex partners. Women are most affected by these problems with the current risk hierarchy and they currently make up a larger proportion of the epidemic than in the 1980s. In order to optimize the usefulness of the HIV/AIDS surveillance system, it may be necessary to improve the way we currently collect, analyze, and present surveillance data.
For this analysis, we used HIV/AIDS surveillance data from Southeast Michigan to examine the relationship between the categories assigned by the CDC risk hierarchy and, when known, additional modes of possible HIV transmission and acquisition, subdivided by sex and race/ethnicity to examine discrepancies or information missed by the standard surveillance system.
METHODS
The Michigan Department of Community Health (MDCH), HIV/AIDS Surveillance Section routinely collects data on all persons diagnosed with HIV and AIDS in Michigan from health care providers who are required to report HIV and AIDS. 4 We use the federal HIV/AIDS Confidential Case Report Form, which includes demographic, laboratory, and opportunistic illness information, as well as patient history of personal risk behaviors ( Figure) . The risk section lists behaviors that involve the exchange of body fluids, including sexual activity, injection drug use, receipt of blood or blood products, and occupational exposure. These behaviors cover all but the most rare ways a person could have been infected with HIV.
Initial case reports do not always yield complete risk behavior information. In Michigan, we have found that medical record review is the best source of obtaining risk information following the initial case report. For example, from July 1, 1998 through June 30, 1999, 55% of cases initially reported without risk were classified as having risk through follow-up record review (Unpublished data, Michigan Department of Community Health). Consequently, for this analysis we used comprehensive medical record review through the Adult/Adolescent Spectrum of Disease project (ASD) and/or the Risk Validation project (RV) to more completely ascertain risk. Risk information was collected for ASD and RV using the same format as that for case reporting.
ASD is a multisite longitudinal medical record review project, described previously by Farizo et al. 5 In Michigan, the ASD study population is comprised of adult and adolescent patients with HIV infection and/or AIDS presenting for care at two large medical centers in Detroit. Included in the Michigan ASD project were all female adult and adolescent patients and a 40% random sample of adult and adolescent male patients from the two medical centers. Males were sampled to maintain a manageable total number of patients for ongoing ASD follow-up. Except for the sex breakdown, patients in ASD are demographically similar to all persons reported with HIV/AIDS in Southeast Michigan. Fifteen hundred ASD patients were eligible to be included in this study.
The RV project examined all risk factors obtained by medical record review at three medical facilities in Southeastern Michigan. Two of the facilities were teaching hospitals and one was a community-based hospital. Patients' records were selected for review if the patient had their first diagnosis of HIV infection or AIDS at one of these three facilities from January 1995 through July 1998. From these hospitals, 110 medical records of adult HIV and AIDS patients were eligible to be included in this study.
Case reports were entered into the HIV/AIDS Reporting System (HARS) software program, which is used by all states and territories in the United States to report HIV/AIDS to the CDC. 6 In Michigan, HARS is the state HIV/AIDS registry. Risk behavior information was subsequently updated in HARS by information gathered through the ASD and RV projects. Forms that did not include "yes" to at least one of the risk questions in the Confidential Case Report Form were excluded from this study. We did this because case report forms with only "no" or "unknown" responses to the risk questions may represent incomplete risk ascertainment and documentation in the medical record. Cases considered as NRR were those with "yes" to at least one risk question, but which did not fit into one of the categories in the established CDC risk hierarchy. These cases were included in this analysis. Odds ratio calculations were done using the EpiInfo 6.04c software package. 7 Data were broken down by sex and race/ethnicity, and between-group comparisons were made using odds ratios.
In Table 1 , cases were listed as having a single mode of exposure if they were classified into only one of the risk categories in the CDC hierarchy, and as having multiple modes of exposure if they were classified into more than one of these categories. In Table 3 , "heterosexual risk" includes only HRHS as defined by the CDC risk hierarchy and described above.
RESULTS
From January 1, 1995 through December 31, 1998, 6,301 HIV and/or AIDS cases were reported to MDCH. A total of 1,610 cases were eligible for this analysis based upon case report information and a supplemental ASD or RV record review. There were no differences in reliability between these two sources. One hundred ten cases (all with an ASD review) were excluded because no risk history was ascertained or documented in the medical record. This resulted in a final sample size of 1,500 cases, or 39% of the 3,870 HIV and AIDS cases reported from the same time period from the tri-county Detroit metropolitan area (Wayne, Oakland, and Macomb Counties). The study population (1,500) and the reported cases for this time period (6,301) were similar based on race/ethnicity and age. Of the study population, 68.2% were reported as black, 28.7% white, and 3.1% other race/ethnicity; with a mean age at earliest diagnoses of 35.6 years (standard deviation [SD] = 9.4). Of the reported cases, 70.9% were reported as black, 25.9% white, and 3.2% other race/ethnicity; with a mean age at earliest diagnoses of 36.3 years (SD = 10.5). Due to the sampling scheme in ASD, our analysis contained a higher proportion of women (35.2% vs. 23.9% of reported cases). Only 1,453 blacks and whites were included for analysis since the number of cases in the other race/ethnicity categories was too small to subdivide. Table 1 shows the frequency of single and multiple modes of HIV exposure by race/ethnicity and sex. Of the 511 women, 75 (14.7%) were reported as NRR; 132 (25.8%) had multiple modes of exposure. Of the 942 men, 28 (3.0%) were reported as NRR; 208 (22.1%) had multiple reported modes of exposure. Calculated odds ratios show that cases classified as NRR were 5.6 times more likely to be women than men (95% confidence interval [CI] 3.5, 9.0). Overall, cases with multiple vs. single modes of exposure were 1.5 times more likely to be women than men (95% CI 1.1, 1.9) and 1.8 times more likely to be black than white (95% CI 1.3, 2.4). Men with multiple exposures were 2.0 times more likely to be black than white (95% CI 1.4, 2.8). Table 2 shows that the proportion of men who were reported to HARS as having sex with both men and women (bisexual behavior) varied by race/ethnicity and risk category. Calculated odds ratios show that MSM and MSM/IDU reported as being bisexually active were 4.0 times more likely to be black than white (95% CI 2.9, 5.6). This racial difference held when MSM and MSM/IDU were examined separately. Table 3 describes the heterosexual partners reported to HARS for women assigned to the risk hierarchy categories IDU and Heterosexual. Among women classified as IDU, 48.5% have HRHS partners, of which most were IDU (67.4%). In contrast, the male sex partner(s) of women classified as Heterosexual were most likely to be HIV infected, risk not specified (47.2%). Calculated odds ratios show that women reported as having sex with an IDU were 2.7 times more likely to be classified as IDU than as Heterosexual (95% CI 1.6, 4.4). Women reported as having sex with an HIV positive male partner, risk not specified, were 2.5 times more likely to be classified as Heterosexual than as IDU (95% CI 1.3, 3.6). Overall, very few women (6.0%) were reported to HARS as having had heterosexual sex partners who were bisexual men (3.2% of IDUs and 7.4% of women classified as Heterosexual). Among women classified as Heterosexual, 4.6% of black women and 25.0% of white women were reported with a bisexual partner. Women reported as having a bisexual male partner were 6.9 times more likely to be white than black (95% CI 2.0, 14.8).
DISCUSSION
By focusing on the most probable mode of exposure, HIV/AIDS surveillance systems have historically been largely effective at describing how HIV is acquired in the United States. However, this analysis demonstrated that the use of the current risk hierarchy may be inadequate to describe recent trends in HIV acquisition by women, who continue to make up a greater number and proportion of new cases of HIV infection and AIDS both in Michigan 8 and nationally. 9 We suggest two changes to the current risk hierarchy to increase the accuracy of describing HIV acquisition. We also propose that currently collected information be more thoroughly analyzed to better describe subsequent transmission from HIV infected men to their uninfected female sex partners. 
IDU = injecting drug users
In our data, almost a quarter of men and women (23%) were reported with multiple modes of exposure, reducing the accuracy of the most probable mode of exposure chosen by the risk hierarchy algorithm. This was especially evident among women classified as IDU, 49% of whom reported HRHS. These individuals may be exposed to HIV through both sexual and parenteral routes from the same partners and it is difficult to discern which route is more probable. For example, a 10-year prospective study showed that, among female IDU in Baltimore, sexual behaviors played a larger role in transmitting HIV than drugrelated activities. 10 Published national surveillance data appear to show a similar pattern. 2 In response, we propose that a second dual risk category of IDU/Heterosexual be added to the risk hierarchy in much the same manner that a dual risk MSM/IDU category was added to the risk hierarchy early in the epidemic. 11 Some areas of the U.S. have begun to account for this dual risk in their statistical reports for both men and women. 12, 13 However, we recommend that the CDC create this category so that standards across the U.S. and in national statistics are uniform. The use of this dual category would provide more detailed data and therefore provide a better basis for HIV prevention programs, particularly those directed at women. This analysis also highlighted the need for the surveillance system to account for the consistently higher proportion of women reported without risk (15%), compared to men (3%) in this analysis population, and 28% and 17% in the population of cases reported during this time period from the tri-county Detroit area (Reported surveillance data, HIV/AIDS Surveillance Section, Michigan Department of Community Health). It is the experience of many state HIV/AIDS Surveillance Coordinators that many women suspect, as do their physicians, that their infection was due to heterosexual behavior, although they may not know or do not report the HIV status or risk behaviors of their male sex partners (Personal communication, HIV/AIDS Surveillance Coordinators, HIV/AIDS Surveillance Evaluation meeting; September [19] [20] 2000) . Classifying these women as NRR decreases the magnitude of the epidemic attributable to heterosexual contact. The CDC, in noting the problem of increasing NRR cases among women, has used a method of statistical adjustment that, unfortunately, can only be applied in states that conduct the Supplement to HIV/ AIDS Surveillance (SHAS) behavioral interview study. 14, 15 We propose, instead, that the CDC create a "presumed heterosexual" subcategory for women who, after a thorough risk evaluation, cannot be classified as IDU or heterosexual in the risk hierarchy, but who have been sexually active with one or more men. Though our data support applying this category to women only, analysis of national data may show this category applies to men as well. Creation of this category would better describe heterosexual HIV acquisition, while reserving NRR for cases which truly do not have the most common risk factors for HIV infection (e.g., persons with a history of no sexual contact in the years prior to their HIV infection) and which may require more extensive follow-up. As with the dual risk category discussed above, creation of this category by the CDC would help set national standards for detailed risk classification to prevent the patchwork of current state protocols. 16, 17 In addition to these two changes to the risk hierarchy, we propose that surveillance programs should further analyze and present currently collected HIV/ AIDS surveillance data to help prevention programs more accurately target behaviors that transmit HIV from an infected to an uninfected person. In particular, it may be necessary to address the transmission of HIV from bisexually active men to their female partners. Our data showed that the number and percent of HIV-infected MSM and MSM/IDU who also reported having had sex with women (41%) is far higher than the number and percent of infected women reported having male partners who were bisexual men (3% of women classified as IDU and 7% of women classified as Heterosexual). This pattern is similar to what has been seen nationally. 18 We hypothesize that some women in the study population-possibly a large proportion-had had sex with HIV infected male sex partners, with MSM behavior, that was not captured by the surveillance system. This problem may be most acute among blacks, since black MSM are more likely than white MSM to also have had sex with women and less likely to reveal their MSM behavior to their female partners. [19] [20] [21] [22] [23] [24] Similarly, our data showed that among women categorized as Heterosexual, black women were less likely than white women to report bisexual male partners.
Although the risk hierarchy does not currently reflect male bisexual behavior in its classification, information on both male and female partners is collected in HARS. Unpublished data from an interview study revealed 18% of 1,441 men in Southeast Michigan reported sex with both men and women in the five years prior to interview, 15 though the HARS records of these same men showed that 32% reported having sex with both men and women since 1977. Some of the difference in percentages could be the different time periods used in the behavioral study (five years prior to interview) and HARS (since 1977). However, the much larger proportion found in the HARS surveillance database, compared to the interview study database, shows that HARS is adequate for collecting the frequency of bisexual behavior among HIV-infected men. Data from HARS on male bisexual behavior should be analyzed and incorporated into routine statistical reports of HIV/AIDS surveillance data. Includ-ing such data will assist in integrating it into effective public health programs targeting HIV transmission prevention.
A limitation of this analysis, and a weakness of the current surveillance system, is that health care professionals may not always document in the medical record an answer to each question in the Patient History section of the case report form. Our finding that only 57% of women reported with HIV/AIDS were identified as having sex with men supports this supposition. Although we added information found in medical records to the original case report form, we did not verify information submitted on the original case report form not found in our medical record review. We made this choice because reporting sources may have knowledge of patient behaviors that are accurate, but not documented in the medical record. Given the mobility of this population, it is also likely that there were medical records at other facilities not reviewed for this analysis, which may contain more detailed risk information. In any case, we believe these limitations would lead to an underestimate of our conclusions since improved risk assessment would be more likely to reveal modes of HIV transmission beyond that which is the most probable. Finally, the small number of white women in our analysis limit the conclusions that can be drawn about differences between black and white women. Despite these limitations, we believe that the current risk hierarchy can and should be modified by the CDC as suggested in this article.
The Institute of Medicine (IOM) report entitled No Time to Lose: Getting More from HIV Prevention states, "Every new HIV infection begins with someone who is already infected-yet current prevention programs do not emphasize directing prevention efforts to individuals who are HIV-infected and who may still engage in risky behavior." 25 The IOM advocates making prevention interventions available to all HIV-infected persons in the clinical setting. If this is to be done successfully, providers must discuss more fully with HIV-infected persons behaviors that perpetuate HIV transmission. Transmission of HIV involves the behaviors of both an infected and an uninfected person. Understanding the behaviors of both is essential to best guide prevention efforts.
As we begin the third decade of this epidemic in the United States, a greater scope of population-based data collection and analysis is needed to optimize current prevention and intervention programs. We have shown that the current HIV/AIDS surveillance systems in the United States capture more potentially important HIV transmission behaviors than the cur-rent risk hierarchy displays and urge the health departments which collect this information to more completely analyze and publish the data already available to better inform HIV prevention efforts. Gaining additional behavioral data through patient interviews in more than the 16 states that are currently funded to collect it is clearly desirable, but surveillance data already exist in all states and territories in the United States and should be used to their full potential. 2 It is only in this way that we will be able to make the actual HIV/AIDS surveillance system perform more closely to its original public health design and to be more useful for public health practice.
